25, 999. Silverman, P. H. & Silverman, L. (1953) . Riv. Parassit. 14, 89. Wigglesworth, V. B. (1950) . The Principlee of Insect Physiology. London: Methuen. Studies on the Lipids of Musca vicina (Macq.) during Growth and Metamorphosis BY Z. H. LEVINSON AND P. H. SILVERMAN* Medical Re8earch Laboratories, Medical Corp8, I8rael Defence Army (Received 26 January 1954) It has been shown in a previous paper (Silverman & Levinson, 1954) that Muw8ca vicina requires a sterol as its sole essential 'lipid'; it is apparently unable to synthesize sterols. It was found that larvae could develop to the third stage when reared on a sterolfree diet, but were well below the average normal weight and failed to pupate. In order to determine the relation of sterols and other lipids to the developmental periods of the normal housefly larva, a systematic analysis of lipid at various stages of development was undertaken. It was felt that such an analysis might yield useful information in regard to M. vicina'8 ability to utilize and synthesize lipids. Similar studies by Frew (1929) , Evans (1932) , Yiiill & Craig (1937) and on blowfly larvae have been mainly concerned with changes in the saponifiable fraction of larval fat. Evans (1934) , however, recorded observations on the unsaponifiable fat of Tenebrio molitor during metamorphosis and found that it remained constant throughout.
MATERIALS AND METHODS
Hous8efly breeding. The technique for stabilizing the microflora and density oflarvae breeding in the medium has been described in full in a previous paper (Silverman & Silverman, 1953) . A short summary of the technique is given here.
The housefly larvae were reared in round glass containers, 20cm. in height and 15 cm. in diameter. The breeding media consisted of the following thoroughly mixed ingredients: 300 g. of wheat bran, 40 g. straw and 300 ml. water. The jars were covered with a double layer of cloth towelling which was held in place by a metal rim. They were sterilized by autoclave and then allowed to cool to room temperature before seeding with eggs. Each jar was seeded with 1000-1250 eggs in 20 ml. water suspension of the stock bacterial flora (15-2-5 x 108 bacteria/ml.) in which Escherichia coli represented 70 % ofthe total; Sarcina, Lactobacillus and Bacillus subtilis constituted the remaining 30 %. Only eggs which were known to have been oviposited within 6 hr. were selected for seeding. The rearing containers were kept at 270 and 60% relative humidity. Between 65 and 75 % of the eggs developed to third-stage larvae, so that on the average, 1 g. of rearing media supported 1-5 mature larvae. Whenever practical, fresh material was collected and immediately submitted for analysis. When this was not possible, the material was stored at -24°, until required.
The following stages of the life cycle of the housefly were analysed.
Eggs. These were collected within 6 hr. after being oviposited on clean damp cotton. About 30 g. of eggs were analysed in batches of 5 g.
Third-stage larvae. These were collected at two different time intervals. Early third-stage larvae were collected from the 4th to the 5-5th day and the late third-stage larvae were collected during the period between the 5-5th day and the 7th day. The larvae were allowed to crawl around in Petri dishes for 4-5 hr. so that they might empty their alimentary tracts of all plant material. At least 100 g. of each larval stage were analysed in batches of 5-15 g.
Pupae. These were collected at two different times. Immature pupae, which were white to pink in colour, were collected from the 7-5th to the 8-5th day. Mature pupae, dark brown in colour, were gathered from the 8-5th to the 10th day. All pupae were washed in water to cleanse them of adhering medium. At least 100 g. of each pupal stage were analysed in batches of 5-15 g.
Unfed adults. About 50 g. of unfed adults of both sexes, collected within 2 hr. after emergence, were analysed in 10 g. batches.
Rearing media. Analyses were carried out on 1000g. samples of rearing media, before and after larval breeding, and on 200 g. of media which had been cultured with only the bacterial flora.
Water content. Moisture content determinations were carried out in three different ways: 5 g. samples were (i) dried in a vacuum desiccator (kept below 250 to minimize oxidation offats), (ii) oven-dried (80-100o) and (iii) subjected to toluene distillation (Bidwell & Sterling, 1925) . The results obtained from the three methods were the same; for purposes of convenience, vacuum desiccation was adopted as the standard drying technique.
Lipid content. The desiccated material was ground with glass powder in an atmosphere of dried CO2 and transferred to extraction thimbles. The thimbles with their contents were weighed before being introduced into a Soxhlet extraction apparatus whose reflux condenser was attached to an 02-absorption train.
The extraction solvent was diethyl ether. Before use, it was shaken at intervals over a period of 24 hr. with KOH pellets. The ether was dried over anhydrous CaCl2 and distilled just before use. 250 ml. ether were used for each continuous extraction, which lasted for a period of 48 hr.; these conditions were previously determined as sufficient for completion of the extraction process. After extraction, the thimbles with their contents were weighed and the loss of weight recorded as 'total lipid'. The ethereal extract was stored at 20 until required for further analysis.
Saponification number. The saponification number of the 'total lipid' was determined by the method described by Wizoeff (1927) with a slight modification. The bulk of the solvent was distilled in N2 by means of a vacuum pump. The remaining solvent containing the total lipids was transferred to weighing bottles and the last traces of ether were removed under a stream of N2. After obtaining constant weighings, 1-2 g. of the lipid material was dissolved in neutral benzene and saponified for 1 hr. with ethanolic 0-5N-KOH in alkali-resistant flasks. 0-5N-HCI and bromothymol blue indicator were used for back titration. Each lipid sample was divided into at least two parts for replicate determinations.
Iodine numbers. The iodine number of the total lipids was determined according to the method of Kaufmann (1940) . Depending on the iodine number to be expected, a sample of the ether solution containing between 0-1 and 0-5 g. of lipid was taken for determination. The samples were placed in small tared weighing bottles and dried to constant weight in a stream of N2. The weighing bottles were placed in 500 ml. glass-stoppered Erlenmeyer flasks and a sufficient amount of halogenating reagent was added so that from 100-150 % excess was present. Two to four determinations and blanks were run on each sample. Unsaponifiable fraction. This was determined by the method recommended by the Fat Analysis Committee of the American Chemical Society (Jacobs, 1951) using the same samples from the determination of the saponification number.
Sterols. Total sterols were determined using Windaus's technique as described by . The factor 0-2563 was used to convert the digitonide into sterol (Windaus, Werder & Gschaider, 1932) . It appears that 400 ,ug. of lipid is used in the first part of the pupation period and about 400 lkg. in the latter part. The finding that fat is consumed at the beginning and end of the period of metamorphosis is in agreement with the observations made on the blowfly (Frew, 1929; Evans, 1932; Yuill & Craig, 1937) and on the beetle (Evans, 1934) . The studies by , Patton, Hitchcock & on Phormia have shown that the secondary drop in fat content during pupation is due to an accelerated conversion of fat into carbohydrate. Saponification number. No appreciable change in the saponification number was observed during larval growth and pupation of the housefly. Fat of the emergent housefly, however, appears to contain a significantly higher proportion of shorter-chain fatty acids. The longer-chain unsaturated fatty acids may have been broken down or consumed during the late pupal period. Yuill & Craig (1937) reported a sudden drop of the saponification number with the advent of pupation in the blowfly.
RESULTS
Iodine number. The fatty acids of the wheat-bran media are relatively unsaturated. During larval growth they are absorbed and laid down in their unsaturated state and with the onset of pupation they are either saturated or broken down into shorter-chain fatty acids. In consideration of the higher saponification number of the emergent housefly, it is most likely that the acids are broken down before being converted into carbohydrate. The relatively low iodine number found in egg fat indicates that the adult housefly generally produces a saturated fatty acid. Yuill & Craig (1937) and Evans (1932) (Kleiner, 1948 the iodine number from 126 to 101. The larvae are no doubt consuming a higher proportion of saturated fat than is indicated by analysis of the medium alone. SUMMARY 1. A study of the changes in the moisture and lipid content of the housefly, Mu8ca vicina, during growth and metamorphosis is recorded.
2. The apparent drop in water content at the time of pupation is due to the formation of the puparium with its low moisture content rather than an actual loss in water.
3. The lipid content of M. vicina rises in 7 days from 25 ,ug. in the egg to 1225 ,ug. in the late thirdstage larva. Within 24 hr. of the onset of pupation, the fat content drops to 880 Ig. The 48 hr. old mature pupa contains 714,g. fat of which, 2 days later, 294 ,ug. can be recovered from the emergent housefly and 22 ,ug. from the puparium. It appears that 400 ,ug. of lipid is used in the first part of the pupation period and about 400,pg. in the latter part.
4. No appreciable change in the saponification number is observed during larval growth and pupation. The fat ofthe emergent housefly, however, appears to contain a significantly higher proportion of shorter-chain fatty acids.
5. The amount of sterol and unsaponiflable lipid remains relatively constant throughout growth and metamorphosis.
6. During larval growth, the fatty acids of the wheat-bran medium are laid down in their unsaturated state. With the onset of pupation they are saturated or broken down into shorter-chain fatty acids.
7. 78 % of the rearing media lipid is consumed by the larvae during growth.
